CLAIMS 



Having thus described our invention, what we claim as new and 
desire to secure by Letters Patent is: 

1. A melshod of forming a field effect transistor comprising the 
steps of: \ 

selecting a substrate of single crystal semiconductor material, 
forming a first sacrificial layer on said substrate, 



forming a metal layer on said first sacrificial layer, said metal 
layer including material suitable for forming a Schottky metal-to- 
semiconductor barrier and havira a selected work function, 

forming an insulating layer over s^id metal layer, 

forming a gate opening in said insulating layer and said metal 
layer, \ 

heating said substrate, first sacrificial l^ver and said metal 
layer above a selected temperature for a time persiod to react said 
metal layer and said sacrificial layer to form a Scftottky metal-to- 
semiconductor barrier on said substrate, \ 
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15 removing said sacrificial layer in said gate opening to expose said 

16 substrate, 

17 forming ay gate dielectric on said N substrate in said gate opening 

18 and over trie sidewalls of said opening, 

19 forming a conductive layer on said gate dielectric in said gate 

20 opening, and \ 

21 patterning said conductive layer to define a gate electrode, 

22jli said Schottky metal Varrier on opposite sides of said gate 

2]|i electrode corresponding\ to the source and drain of said field 

244 effect transistor. \ 

IC \ 

2. The method of claim 1 wherein said step of selecting said 

r.l \ 

P single crystal semiconductor material includes the step of 

3 selecting from the group consisting of GaAs , InGaAs, InP, 

4 ini^GaxASyP^y, Si and SiGe. \ 

1 3. The method of claim 1 wherein said sttep of forming a first 

2 sacrificial layer includes the step of selecting from the group 

3 consisting of GaAs, InGaAs, InP, In^GaxASyP^y Asi and SiGe. 
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1 4. The method of claim 1 wherein said step of forming a metal 

2 layer iVcludes the step of selecting from the group consisting of 

3 Co, Ni, E\d, Pt, Rh, Ta, Ti and W. 

1 5. The method of claim 1 wherein said step of forming a metal 

2 layer includes the step of forming a titanium layer and wherein 

3 said step of heatirtg includes heating to a temperature above 700 °C. 

liij 6. The method of claim 1 wherein said step of forming a metal 

2pl layer includes the step of forming a platinum layer and wherein 

|;5 said step of heating included heating to a temperature above 250°C. 

IC \ 

f° 7. The method of claim 1 wherern said step of forming a first 

|;j sacrificial layer includes the step of forming a silicon germanium 

!•=■ layer and wherein said step of heating includes heating to a 

4 temperature to form metal silicide and metal germanide to provide 

5 a Schottky barrier to the semiconductor substrate. 

1 8. The method of claim 1 further including th\ step of forming 

2 source and drain contacts to said Schottky mekal barrier on 

3 opposite sides of said gate electrode and wherein Nsaid step of 

4 forming a conductive layer includes forming said conductive layer 
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of said opening. 



9. A field effect transistor comprising; 



a semiconductor substrate, 



two spaced apart Schottky metal semiconductor compound regions 
forming a source arid drain and/leHning a channel there between, 



a first dielectric layea^ op 
channel, 

a gate dielectric layer on 



a conductive layer on said g 




said soured and drain adjacent said 




and 



ctric to form a gate, 



10. The field effect transistor of claim 9 wherein said metal 
semiconductor compound regions are selected from the group 
consisting of metal silicide, metal germanidev mixtures of metal 
silicide and metal germanide, and metal arsenide 
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11. The field effect transistor of claim 9 wherein said conductive 
layer extends over said\ firs t die lectric layer to reduce the 
resistance of said gate. 



12. The field effect trans istotpi^tSi.aim 9 wherein said conductive 
layer extends over said first dielectr*£ layer over a portion of 
the source and drain to form a T-shaped g^te, 



c 



13. AXmethod of forming a field effect transistor comprising the 
steps of :S 

selecting a substrate of single crystal semiconductor material, 

forming a first layer of heavily doped semiconductor material 
compos itionally different from said substrate to provide a 
different etching rateN^ith respect to said substrate, 

forming a second insula tin^Clayer, 



\ 



forming an opening in said first\^nd second layers for a gate 



Y 



V \ 



forming a gate dielectric on said substrate in said opening and 



\ 



over the sidewalls of said opening, 
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forming a conductive layer on said gate dielectric in said gate 
openincAand on said sidewalls of said opening, and 

patterning \said conductive layer to define a gate electrode, 

said first l\yer on opposite sides of said gate electrode 
corresponding t^D the source and drain of said field effect 
transistor. \ 

14. The method of cisslm 13 wherein said step of selecting said 
single crystal semiconductor material includes the step of 
selecting from the group consisting of GaAs , InGaAs, InP, 
In^GaxASyP^y, Si and SiGe. \ 



15. The method of claim 13 wherein said step of forming a first 
layer includes the step of forming Asingle crystal layer. 

16. The method of claim 13 wherein said\step of forming a first 
layer includes the step of forming a polycWstalline layer. 

17 The method of claim 13 wherein said step Af forming a first 
layer includes the step of selecting from the gr^up consisting of 
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GaAs , iriGaAs, inP, in^GaxASyPx.y, Si and SiGe. 

18. The metho\of claim 13 wherein said step of forming a second 
layer includes the step of selecting from the group consisting of 
silicon dioxide and\ silicon nitride. 

19 . The method of claita 13 wherein said step of forming a 
conductive layer includes the step of forming over said insulating 
layer and wherein said step of patterning includes defining a gate 
electrode that extends on said\sidewalls and over said insulating 
layer . \ 



20. The method of claim 19 wherein\ said step of patterning 
includes defining a gate electrode that Wends on said sidewalls 
and over said insulating layer over a portion of said source and 
drain to form a T-shaped gate. \ 

21. The method of claim 13 further including thfe step of forming 
source and drain contacts to said first layer on opposite sides of 
said gate electrode. \ 
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22. A field effact transistor comprising: 



a semiconductor subsYrate, 



3 
4 
5 
6 
7 



Kit 



i± 



14 



5fe 



two spaced apart heavilv doped semiconductor regions on said 
semiconductor substrate foming a source and drain and defining a 
channel in said substrate the] 
compositionally different frc 



selective etching rate for form: 

a first dielectric layer on sai 
channel, 

a gate dielectric layer on said 



etween, sfcld semiconductor regions 
said sub\trate to provide a 
apart regions, 



drain adjacent said 




idewalls) and 



adjacent said channel on said two spac^l apart semiconductor 
regions , and 

a conductive layer on said gate dielectric Wer said channel 
forming a gate. 



V 



23. The HeTa^^f^e^t-transistor of^ira22 wherein said heavily 
doped semiconductor regions include/ Si^-^ad^r^C'> fff^j a* f~ 

v y 
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24. A method of forming a field effect transistor comprising the 
steps ®f : 

\ 

selecting a substrate of single crystal semiconductor material, 

forming a^etal layer on said substrate, said metal layer including 
material suitable for forming a Schottky metal- to -semiconductor 
barrier and living a -selected work function, 



forming an insulating layer over said metal layer, 

forming a gate opening in said insulating layer to expose said 
metal layer, 

heating said metal lazier in said gate opening above a selected 
temperature for a time period in a gaseous ambient to react said 
metal layer and constituents in said gaseous ambient to form a gate 
dielectric in said gate opening on said substrate, 

forming a conductive layer said gate dielectric in said gate 
opening, and 

patterning said conductive layer W> define a gate electrode, 



said Schottky metal -to- semi conductor^barrier on opposite sides of 
said gate electrode corresponding to ^he source and drain of said 
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field effect 



transistor. 



25. The method of claim 24 wherein said step of selecting said 
single crys\al semiconductor material includes the step of 
selecting f rom\ the group consisting of silicon and silicon 
germanium. 



26. The method of claimN24 wherein said step of forming a metal 
layer includes the step of\\electing from the group consisting of 
Co, Ni, Pd, Pt, Rh, Ta, Ti aVdXw. 

C 

27. The method of claim 24 wherein\\aid step of forming a metal 
layer includes the step of forming a vtfitanium layer and wherein 



\ 

said step of heating includes heatii 
including oxygen. 



in a gaseous ambient 



28. The method of claim 24 wherein said step of heating includes 
heating in a gaseous ambient selected to react^with s^id metal of 
said metal layer to form a dielectric material. 
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29. The method of\claim 1 wherein said step of heating includes 
heating to a temperature to form a Schottky metal semiconductor 
compound with the materialXof said substrate. 



t 



0.\a field effect transistor comprising: 



a semiconductor substrate, 

two spaced apctrt metal -semiconductor compound regions forming a 
source and drainWd defining a channel there between, 

a first dielectric layer on said source and drain adjacent said 
channel, \ 

a gate dielectric layer of loc&l reacted metal of said metal used 
in said metal -semiconductor compound regions on said channel, and 

a conductive layer on said gate dielectric to form a gate. 




31* The field effect tr^nte^i^tor of claim 30 wherein said 
conductive layer extends over t^id) first dielectric layer to reduce 
the resistance of said gate. 
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32. The field effect trc^nbistc^r of claim 30 wherein said 
conductive layer extends over |(s^>d first dielectric layer over a 
portion of the source arid drain t<\form a T-shaped gate, 



33. The Meld effect transistor of claim 30 wherein said gate 
dielectric layer includes Ti0 2 . 



34. A method for making an FET comprising: 

selecting a\ semiconductor substrate, having a layer of dielectric 
thereon, 



etching a 
substrate 




ndow in said layer of dielectric exposing said 



selectively growing gemanium on said substrate in said gate window 

\ \ \ 
wherein no germanium has ^own on said layer of dielectric, 



using the germanium as a mask^, \mplanting shallow regions of dopant 
ions to form the source and draiH* 



removing said germaniun, 



forming a gate oxide in said gate window, 
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12 forming a layer of \onductive material on said gate oxide and on 

13 said layer of dielectric, and 

C - \ 

14 patterning said layer of conductive material to form a gate. 



1 35. A method forMnaking an FET comprising: 

2 selecting a semiconductor substrate, having a layer of dielectric 

3 thereon, 



4|i| etching a gate window in &aid layer of dielectric exposing said 



S!2 substrate, 



e. 

o 



C 



forming a layer of resist on said layer of dielectric and on said 
exposed substrate in said gate window, exposing and developing said 
8 J resist to remove resist from said \jate window to expose said 
© substrate, 



10 forming a blanket layer of titanium over s\id resist and on said 

11 exposed substrate in said gate window, 

12 removing the remainder of said resist and titanium on said resist, 



13 using the titanium as a mask, implanting shallow regions of dopant 

14 ions to form the source and drain, \ 
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15 removing said titanium, 



16 forming \ v gate oxide in said gate window, 



17 
18 



forming a lay^Srof conductive material on said gate oxide and on 
said layer of d^lectric, and 



19 patterning said laySe\of conductive material to form a gate- 




IP 

a LI 

2 IPI an epi 
3CJ substrate 
substrate 




36. The method 



luding the step of forming 
conductor material on said 
a raised channel above said 
a gate dielectric. 
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